
Combination chemotherapy regimen incorporating CD20 antibodies are commonly used in the treatment of CD20-pos. non-Hodgkin's 
lymphoma (NHL).  Fludarabine phosphate (F-araAMP), cyclophosphamide, and CD20 antibodies (Rituximab) constitute the FCR 
regimen for treating selected NHL, including aggressive mantle cell lymphoma (MCL).  As an alternative to the CD20 antibody, we 
generated a CD20-targeted measles virus (MV)-based vector.  This vector was also armed with the prodrug convertase purine 
nucleoside phosphorylase (PNP) that locally converts the active metabolite of F-araAMP to a highly diffusible substance capable of 
efficiently killing bystander cells.  We showed in infected cells that early prodrug administration controls vector spread, whereas late 
administration enhances cell killing.  Control of spread by early prodrug administration was also shown in an animal model: F-araAMP 
protected genetically modified mice susceptible to MV infection from a potentially lethal intracerebral challenge.  Enhanced oncolytic 
potency after extensive infection was shown in a Burkitt's lymphoma xenograft model (Raji cells): After systemic vector inoculation, 
prodrug administration enhanced the therapeutic effect synergistically.  In a MCL xenograft model (Granta 519 cells), intratumoral (i.t.) 
vector administration alone had high oncolytic efficacy: All mice experienced complete but temporary tumor regression, and survival 
was two to four times longer than that of untreated mice.  Cells from MCL patients were shown to be sensitive to infection.  Thus, 
synergy of F-araAMP with a PNP-armed and CD20-targeted MV was shown in one lymphoma therapy model after systemic vector 
inoculation.
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Fludarabine, a nucleoside analog, plays a major role in the treatment of B-cell lymphocytic leukemia, hairy cell leukemia, and indolent 
lymphomas.  There is a controversy about antitumor activity of fludarabine in multiple myeloma (MM).  The aim of this study was to 
evaluate the activity of fludarabine against human myeloma cells both in vivo and in vitro.  We demonstrated that myeloma cell line 
RPMI8226 was efficiently inhibited by fludarabine, concomitantly with decreased phosphorylation of Akt, down-regulation of the 
inhibitor of apoptosis proteins (IAP) family, including XIAP and survivin, and induction of apoptosis related to activation of caspase 
cascade.  Contrary to dexamethasone, the effect of fludarabine on RPMI8226 cells was independent of interleukin-6.  Fludarabine also 
induced cytotoxicity in dexamethasone-sensitive (MM.1S) and -resistant (MM.1R) cells at 48 h with IC50 of 13.48 μg/mL and 33.79 
μg/mL, resp.  In contrast, U266 cells were resistant to fludarabine.  Moreover, RPMI8226 myeloma xenograft model was established 
using severe combined immunodeficient mice.  The tumors treated with fludarabine at 40 mg/kg increased less than 5-fold in 25 d 
comparing with approx. 10-fold in the control tumors, demonstrating the antitumor activity of fludarabine in vivo.  These results 
suggest that fludarabine may be an important therapeutic option for MM patients who are resistant to dexamethasone.
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Waldenstrom macroglobulinemia (WM) is an incurable lymphoplasmacytic lymphoma with limited options of therapy.  Protein kinase Cβ 
(PKCβ) regulates cell survival and growth in many B-cell malignancies.  In this study, we demonstrate up-regulation of PKCβ protein in 
WM using protein array techniques and immunohistochem.  Enzastaurin, a PKCβ inhibitor, blocked PKCβ activity and induced a 
significant decrease of proliferation at 48 h in WM cell lines (IC50, 2.5-10 μM).  Similar effects were demonstrated in primary CD19+ 
WM cells, without cytotoxicity on peripheral blood mononuclear cells.  In addn., enzastaurin overcame tumor cell growth induced by 
coculture of WM cells with bone marrow stromal cells.  Enzastaurin induced dose-dependent apoptosis at 48 h mediated via induction of 
caspase-3, caspase-8, caspase-9, and PARP cleavage.  Enzastaurin inhibited Akt phosphorylation and Akt kinase activity, as well as 
downstream p-MARCKS and ribosomal p-S6.  Furthermore, enzastaurin demonstrated additive cytotoxicity in combination with 
bortezomib, and synergistic cytotoxicity in combination with fludarabine.  Finally, in an in vivo xenograft model of human WM, 
significant inhibition of tumor growth was obsd. in the enzastaurin-treated mice (p = .028).  Our studies therefore show that enzastaurin 
has significant antitumor activity in WM both in vitro and in vivo, providing the framework for clin. trials to improve patient outcome in 
WM.
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The aim of this study was to demonstrate the potential of electrogene therapy with the bacterial purine nucleoside phosphorylase gene 
(ePNP), on pancreatic carcinoma (PC) large tumors.  The in vivo electroporation (EP) conditions and efficacy were investigated on 
both s.c. xenografts of human PC cells in immuno-compromised mice and orthotopic intrapancreatic grafts of rat PC cells in syngenic 
rats.  After intratumoral injection of naked plasmid DNA, EP was performed using a two-needle array with 25-ms pulses and either a 
300 V/cm field strength for s.c. or a 500 V/cm field strength for orthotopic PC, parameters providing the best electrotransfer as 
reflected by the measurements of both luciferase activity and ePNP mRNA.  As expected, tumors developed sensitivity to prodrug 
treatment (6-methylpurine deoxyribose or fludarabine phosphate).  We obsd. both significant inhibition of tumor growth and extended 
survival of treated mice.  In fact, after prodrug treatment, PC growth in the s.c. model was delayed by 50-70% for ePNP-expressing 
tumors.  In an orthotopic pancreatic tumor model, the animal survival was significantly prolonged after ePNP electrogene transfer 
followed by fludarabine treatment, with one animal out of 10 being tumor-free 6 mo thereafter.  The current study demonstrates for the 
first time on PC the in vivo feasibility of electrogene transfer and its therapeutic efficiency using the suicide gene/prodrug system, 
ePNP/fludarabine.  These findings suggest that electrogene therapy strategy must be considered for pancreatic cancer treatment, 
particularly at advanced stages of the disease.
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Cloretazine (VNP40101M), a new sulfonylhydrazine alkylating agent, has demonstrated broad-spectrum anti-tumor activity in preclin. 
studies.  In this study, Cloretazine was evaluated both as a monotherapy and in combination with fludarabine in murine tumor and 
human tumor xenograft models.  Cloretazine significantly inhibited the growth of s.c. implanted tumors, including B16F10 murine 
melanoma in C57BL/6 mice, and H460 human lung carcinoma and WiDr human colon carcinoma in athymic nude CD1 mice.  The 
inhibition of tumor growth by Cloretazine was dose dependent, increasing from 42.2 to 87% as the dose escalated from 100 to 150 
mg/kg.  Cloretazine showed equiv. efficacy but lower toxicity compared to cyclophosphamide in these models.  The combination 
therapy, consisting of a single dose of 10 mg/kg Cloretazine plus five doses of 70 mg/kg fludarabine, given every other day i.p., 
significantly increased the long-term survival of BDF1 mice bearing the L1210 murine leukemia.  On Day 65 post-tumor implantation, 
the combination therapy yielded a 90% survival rate compared to 40% for Cloretazine alone and 0% for fludarabine alone.
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The ligation of CD47 induces the apoptosis of leukemic cells in a caspase-independent manner.  We generated a monoclonal antibody 
against CD47 (mAb-MABL) that possibly induced apoptosis from the ligation of CD47 in CCRF-CEM and JOK-1 cells in vitro.  To 
confirm whether the ligation of CD47 caused cell death in vivo, we examd. the antitumor activity of F(ab')2 of mAb-MABL in two 
xenograft models: The acute lymphoblastic leukemia (CCRF-CEM) and the B-cell chronic lymphocytic leukemia (JOK-1) cell line.  
Furthermore, in order to clarify the apoptotic activity selective for the tumor cells, we examd. F(ab')2 of mAb-MABL apoptotic effects 
on CD34+ hematopoietic progenitor/stem and human endothelial cells.  Male SCID mice were i.v. injected with CCRF-CEM (5 × 106 
cells/mouse) or JOK-1 cells (5 × 106 cells/mouse) and i.p. with JOK-1 cells (2 × 107 cells/mice).  After the implantation of the cells, the 
mice were i.v. administered the vehicle or the F(ab')2 fragment of mAb-MABL at several doses and the length of survival was 
measured.  F(ab')2 of mAb-MABL markedly prolonged the survival of mice transplanted with CCRF-CEM and JOK-1.  Significantly, 
40% of the mice i.p. injected with JOK-1 cells became tumor-free when administered F(ab')2 of mAb-MABL, whereas even a high dose 
of fludarabine only slightly prolonged the median survival time.  On the contrary, F(ab')2 of mAb-MABL showed no apoptotic effect on 
CD34+ hematopoietic progenitor/stem or human endothelial cells.  Thus, monoclonal antibodies that cause cell death from the ligation 
of CD47 could be novel therapeutic agents for incurable leukemia after further optimization such as humanization or making single 
chain diabodies.
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A gene-directed enzyme prodrug therapy (GDEPT) based on purine nucleoside phosphorylase (PNP), that converts the prodrug, 
fludarabine to 2-fluoroadenine, has been described, but studies are limited compared with other GDEPTs.  The authors investigated the 
in vitro and in vivo efficacies of PNP-GDEPT for treating androgen-independent (AI) prostate cancer.  The PNP gene controlled by 
Rous sarcoma virus (RSV) constitutive promoter was delivered using a recombinant ovine adenovirus vector (OAdV220) that uses a 
different receptor from human adenovirus type 5.  In vitro, OAdV220 provided increased transgene expression over a comparable 
human Ad5 vector in infected AI, murine RM1 prostate cancer cells.  Subsequent in vivo testing was therefore confined to OAdV220.  
Transduction of RM1 cells with OAdV220 before implantation in immunocompetent mice dramatically inhibited s.c. tumor growth when 
fludarabine phosphate was administered systemically and increased mouse survival in a dose-dependent manner.  In tumor-bearing 
C57BL/6 mice, a single intratumoral injection of OAdV220 produced detectable PNP activity for at least 6 days and with prodrug, 
retarded the growth of aggressive RM1 s.c. tumors by 35% at day 14.  There was a consistent trend to redn. of pre-established 
intraprostatic RM1 tumors.  A similar regimen induced significant therapeutic efficacy in human PC3 xenografts.  Thus, ovine 
adenovirus-mediated GDEPT using the PNP system was effective in vivo against AI prostate cancers, the aggressive murine RM1, 
and the human PC3 lines.  Methods that improve viral dissemination and stimulate the immune system in vivo may further improve 
efficacy.
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Gene-directed enzyme prodrug therapy (GDEPT) based on the Escherichia coli enzyme, purine nucleoside phosphorylase (PNP), 
provides a novel strategy for treating slowly growing tumors like prostate cancer (CaP).  PNP converts systemically administered 
prodrug, fludarabine phosphate, to a toxic metabolite, 2-fluoroadenine, that kills PNP-expressing and nearby cells by inhibiting DNA, 
RNA and protein synthesis.  Reporter gene expression directed by a hybrid prostate-directed promoter and enhancer, PSMEPb, was 
assayed after plasmid transfection or viral transduction of prostate and non-CaP cell lines.  Androgen-sensitive (AS) LNCaP-LN3 and 
androgen-independent (AI) PC3 human CaP xenografts in nude mice were injected intratumorally with an ovine atadenovirus vector, 
OAdV623, that carries the PNP gene under PSMEPb, formulated with cationic lipid for enhanced infectivity.  Fludarabine phosphate 
was then given i.p. for 5 days at 75 mg/m2/day.  PNP expression was evaluated by enzymic conversion of its substrate using 
reverse phase HPLC.  OAdV623 showed excellent in vitro transcriptional specificity for CaP cells.  In vivo, expression of PNP 
persisted for >6 days after OAdV623 injection and a single treatment provided 100% increase in tumor doubling time and >50% 
inhibition of tumor growth for both LNCaP-LN3 and PC3 lines, with increased tumor necrosis and apoptosis and decreased tumor cell 
proliferation.  OAdV623 significantly suppressed the growth of AS and AI human CaP xenografts in mice.
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The authors have previously reported that bryostatin 1 (Bryo 1) induces differentiation of chronic lymphocytic leukemia (CLL) in vitro 
to a hairy cell (HC) stage.  This study tests the hypothesis that Bryo 1-differentiated CLL cells are more susceptible to 
2-chlorodeoxyadenosine (2-CdA) than parent CLL cells.  A recently established EBV-neg. CLL line (WSU-CLL) from a patient resistant 
to chemotherapy including fludarabine was used to test this hypothesis.  Both Bryo 1 (10-1000 nM) and 2-CdA (5.6-22.4 μM) exhibited 
a dose-dependent growth inhibitory effect on the WSU-CLL cell line.  In vitro, the sequential exposure to Bryo 1 (100 nM for 72 h) 
followed by 2-CdA (11.2 μM) resulted in significantly higher rates of growth inhibition than either agent alone.  Changes in 
immunophenotype, enzymes, lipids, proteins, and the DNA of WSU-CLL cells were studied before and after Bryo 1 treatment.  Bryo 1 
induced a pos. tartrate-resistant acid phosphatase reaction and two important markers, CD11c and CD25, after 72 h of culture, 
confirming the differentiation of CLL to HC.  The Fourier transformation IR spectroscopic anal. showed that the amt. of membrane 
lipids significantly increased in Bryo 1-treated cells compared to controls after 24 h, whereas the protein content, as well as the DNA 
content, decreased.  This finding supports the change of CLL to HC.  To evaluate the in vivo efficacy of Bryo 1 and 2-CdA, the 
authors used a xenograft model of CLL in WSU-CLL-bearing mice with severe combined immune deficiency.  S.c. tumors were 
developed by injection of 107 WSU-CLL cells, and fragments were then transplanted into a new batch of severe combined 
immunodeficient mice.  Bryo 1 and 2-CdA at the max. tolerated doses (75 μg/kg i.p. and 30 mg/kg s.c., resp.) were administered to the 
mice at different combinations and schedules.
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The activities of 2-chlorodeoxyadenosine (2-CdA) metabolizing enzymes, deoxycytidine kinase (dCK) and cytosolic 5'-nucleotidase 
(5'-NT) were measured in bryostatin 1 treated chronic lymphocytic leukemia (CLL) cells using an EBV-neg. WSU-CLL cell line.  This cell 
line was established from a patient with CLL resistant to fludarabine.  The results revealed an increase in dCK activity in bryostatin 1 
treated cells at 48 and 72 h compared with the control.  5'-NT activity decreased at 48 h.  The ratio of dCK to 5'-NT activity was 
increased in bryostatin 1 treated WSU-CLL cells after 48 h.  WSU-CLL cells treated with bryostatin 1 exhibited an increase in the % of 
apoptotic and dead cells from control levels of 16% to 40%.  This % was further increased to 67% following the addn. of 11.2 μM 
2-CdA to WSU-CLL cells pretreated with bryostatin 1.  Results from Western blot indicate that WSU-CLL cells express high levels of 
Bcl-2, Bcl-xL, and c-myc, and a low level of Bax.  P53 in untreated WSU-CLL cells is undetectable.  WSU-CLL cells treated with 
bryostatin 1 showed an increase in the ratio of Bax:Bcl-2.  To demonstrate that the bryostatin 1 mediated enhancement of 2-CdA 
efficacy was not restricted to in vitro cell culture, the authors have studied the tumor growth delay of WSU-CLL xenografts treated 
with placebo, bryostatin 1, 2-CdA, and bryostatin 1 followed by 2-CdA.  SCID mice given bryostatin 1 at 75 μg × kg-1 × d-1 for 5 days 
followed by 30 mg × kg-1 × d-1 2-CdA for 5 days in 2 cycles, had improved tumor growth delay.  The authors conclude that bryostatin 
1 is not only capable of inducing apoptosis by itself, but also sensitizes de novo resistant WSU-CLL cells to the chemotherapeutic 
effects of 2-CdA.  The bryostatin 1 induced increased ratio of dCK/5'-NT activity and an increased ratio of Bax/Bcl-2 are at least 2 
mechanisms through which this natural compd. is able to potentiate the antitumor activity of 2-CdA in otherwise resistant CLL cells.
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Lumiliximab is a chimeric macaque-human monoclonal antibody to CD23, a protein expressed on virtually all chronic 
lymphocytic leukemia (CLL) cells.  We examined the ability of lumiliximab to mediate apoptosis, antibody-dependent 
cellular cytotoxicity, and complement-dependent cytotoxicity against primary CLL cells and CD23-expressing B-cell lines.  
Our data suggest that lumiliximab kills CLL cells and CD23-expressing B cells predominantly by apoptosis, which occurs 
through the intrinsic pathway.  Lumiliximab-induced apoptosis was accompanied by the down-regulation of antiapoptotic 
proteins Bcl-2, Bcl-X(L), and XIAP, activation of Bax, and release of cytochrome c from the mitochondria.  We also found 
that the addition of lumiliximab to rituximab or fludarabine results in synergistic cytotoxicity of primary CLL cells and 
CD23-expressing B-cell lines.  We investigated the in vivo activity of lumiliximab in a human disseminated CD23(+) B-cell 
lymphoma SCID mouse model and found greater antitumor activity with it than with control antibody.  We also found that 
paralysis-free survival was greater with lumiliximab plus rituximab or fludarabine than with any of those agents alone.  
These results suggest that lumiliximab may be an effective treatment alone or in combination with rituximab or 
chemotherapy agents in CLL or other CD23-overexpressing B-cell malignancies.
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We have developed a new strategy for the gene therapy of cancer based on the activation of purine nucleoside analogs by transduced 
E. coli purine nucleoside phosphorylase (PNP, E.C. 2.4.2.1).  The approach is designed to generate antimetabolites intracellularly that 
would be too toxic for systemic administration.  To det. whether this strategy could be used to kill tumor cells without host toxicity, 
nude mice bearing human malignant D54MG glioma tumors expressing E. coli PNP (D54-PNP) were treated with either 
6-methylpurine-2'-deoxyriboside (MeP-dR) or arabinofuranosyl-2-fluoroadenine monophosphate (F-araAMP, fludarabine, a precursor of 
F-araA).  Both prodrugs exhibited significant antitumor activity against established D54-PNP tumors at doses that produced no 
discernible systemic toxicity.  Significantly, MeP-dR was curative against this slow growing solid tumor after only 3 doses.  The 
antitumor effects showed a dose dependence on both the amt. of prodrug given and the level of E. coli PNP expression within tumor 
xenografts.  These results indicated that a strategy using E. coli PNP to create highly toxic, membrane permeant compds. that kill both 
replicating and nonreplicating cells is feasible in vivo, further supporting development of this cancer gene therapy approach.
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 The survival in days, the tumor growth inhibition ratio, the tumor growth delay, and the log10 kill of the mice treated with 
Bryo 1 followed by 2-CdA were significantly better than the control and other groups.  The authors conclude that the 
sequential treatment with Bryo 1 followed by 2-CdA resulted in higher antitumor activity and improved animal survival.
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Escherichia coli purine nucleoside phosphorylase (PNP) expressed in tumors converts relatively nontoxic prodrugs into 
membrane-permeant cytotoxic compounds with high bystander activity.  In the present study, we examined tumor 
regressions resulting from treatment with E. coli PNP and fludarabine phosphate (F-araAMP), a clinically approved 
compound used in the treatment of hematologic malignancies.  We tested bystander killing with an adenoviral construct 
expressing E. coli PNP and then more formally examined thresholds for the bystander effect, using both MuLv and 
lentiviral vectoring.  Because of the importance of understanding the mechanism of bystander action and the limits to this 
anticancer strategy, we also evaluated in vivo variables related to the expression of E. coli PNP (level of E. coli PNP 
activity in tumors, ectopic expression in liver, percentage of tumor cells transduced in situ, and accumulation of active 
metabolites in tumors).  Our results indicate that F-araAMP confers excellent in vivo dose-dependent inhibition of 
bystander tumor cells, including strong responses in subcutaneous human glioma xenografts when 95 to 97.5% of the 
tumor mass is composed of bystander cells.  These findings define levels of E. coli PNP expression necessary for 
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We have developed unique replication-competent retroviral (RCR) vectors based on murine leukemia virus that provide 
improved efficiency of viral delivery, allow for long-term transgene expression and demonstrate an intrinsic selectivity 
for transduction of rapidly dividing tumor cells.  The purpose of this study was to evaluate the in vivo transduction 
efficiency and the therapeutic efficacy of the RCR vector mediated delivery of Escherichia coli purine nucleoside 
phosphorylase (PNP) in combination with fludarabine phosphate for bladder cancer.  We constructed vectors containing 
green fluorescent protein (GFP) gene (ACE)-GFP) or PNP gene (ACE-PNP).  KU-19-19 bladder tumors exhibited 
28.3+/-16.1, 46.6+/-5.8 and 93.7+/-7.8% of GFP expression on 14, 18 and 26 days after intratumoral injection of 
ACE-GFP, respectively.  GFP expression could not be observed in normal tissues surrounding the injected tumors.  No 
detectable polymerase chain reaction products of GFP gene could be observed in any distant organs.  Intratumoral 
injection of ACE-PNP, followed by systemically administered fludarabine phosphate, significantly inhibited the growth of 
pre-established KU-19-19 tumors.  Our results indicate that RCR vectors are a potentially efficient gene delivery method 
and that the RCR vector mediated PNP gene transfer and fludarabine phosphate treatment might be a novel and 
potentially therapeutic modality for bladder cancer.
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Delivery of replication-competent retrovirus expressing Escherichia coli purine nucleoside phosphorylase 
increases the metabolism of the prodrug, fludarabine phosphate and suppresses the growth of bladder tumor 
xenografts.     Kikuchi E; Menendez S; Ozu C; Ohori M; Cordon-Cardo C; Logg C R; Kasahara N; Bochner B H    
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WSU-CLL is a de novo fludarabine resistant cell line established from a patient with advanced chronic lymphocytic 
leukemia (CLL) refractory to chemotherapy including fludarabine (Flud).  Our previous studies indicate that bryostatin 1 
(Bryo 1) induces differentiation of WSU-CLL and increases the ratio of dCK/5'-NT activity and Bax/Bcl-2.  This study 
tests the hypothesis that Bryo 1-differentiated cells are more susceptible to Flud than the parent WSU-CLL cells.  Flud, 
given sequentially after Bryo 1, in vitro and in vivo animal studies resulted in significantly higher rates of growth inhibition 
and improved animal survival.  Flud at 100 to 600 nM exhibited a dose-dependent growth inhibitory effect on the 
WSU-CLL cell line.  The sequential exposure to Bryo 1 (10 nM for 72 h) followed by Flud (100 nM) resulted in significantly 
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Treatment of a de novo fludarabine resistant-CLL xenograft model with bryostatin 1 followed by fludarabine .     
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Library of Medicine on SciFinder (R))
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The present study was carried out to establish a human chronic lymphocytic leukemia (CLL) mouse model by 
transplantation of a JOK-1 human CLL cell line into SCID (severe combined immunodeficient) mice and to examine 
anti-leukemic effects of fludarabine phosphate, a prodrug of 9-beta-D-arabinofuranosyl-2-fluoroadenine (2F-ara-A).  In 
vitro cytotoxic screening pattern of 2F-ara-A differed from those of other anticancer agents.  Intraperitoneal inoculation 
with JOK-1 cells in SCID mice allowed the cells to infiltrate into a variety of organs including the liver and thymus, and 
resulted in the death of the mice with a median survival time of 29.5 days, associated with hepatomegaly, splenomegaly 
and enlarged lymph nodes.  The ascitic cells expressing the human B-lymphocytic cell surface antigen CD19 actually 
grew after a latent period of 15 days.  In this model, twice daily administration of fludarabine phosphate at a dose of 135 
mg/kg for 5 days prolonged the survival time of the mice for considerably longer period than once-a-day treatment.  
Fludarabine phosphate in the doubled course of twice daily increased life span of 32.9%, which was in a similar range to 
that of doxorubicin.  Thus, intraperitoneal inoculation of the human JOK-1 CLL cells into SCID mice seems to serve as an 
animal model potentially for human leukemia, suggesting that transplantation and subsequent infiltration processes of 
human CLL cells is useful measures to explore mechanistic aspects for drug-induced modulation of the tumor 
progression.
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A human B-cell CLL model established by transplantation of JOK-1 cells into SCID mice and an anti-leukemia 
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antitumor activity with F-araAMP and demonstrate new potential for a clinically approved compound in solid tumor 
therapy.
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 Cl-F-araA also decreased liver micrometastases created by intrasplenic injection of human colon tumor cells, leading to 
complete suppression at the maximum dose tested.  CONCLUSIONS: These results suggest that Cl-F-araA might be 
clinically effective against human colon cancers using a daily oral administration schedule.

2-Chloro-9-(2-deoxy-2-fluoro-beta-D-arabinofuranosyl) adenine (Cl-F-araA) is a novel deoxyadenosine analog, which 
inhibits DNA synthesis by inhibiting DNA polymerase alpha and ribonucleotide reductase.  Cl-F-araA shows potent 
antiproliferative activity against several leukemic cell lines including those of human origin and is also effective against 
murine solid tumors, in particular being curative against colon tumors.  PURPOSE: We therefore decided to investigate 
whether Cl-F-araA is effective against human colon tumors, in particular by oral administration, since it has improved 
stability compared with other deoxyadenosine analogs.  METHODS: Antiproliferative activity in vitro was determined from 
cell counts.  Subcutaneously inoculated xenograft models and a liver micrometastases model were used for assessment 
of antitumor activity in vivo.  RESULTS: Cl-F-araA showed potent antiproliferative activity against four human colon 
tumor cell lines (HCT116, HT-29, DLD-1, WiDr), with a 50% growth-inhibitory concentration (IC50) of 0.26 microM with a 
72-h exposure.  This activity was greater than those of fludarabine desphosphate and cladribine, other deoxyadenosine 
analogs, which showed IC50 values of 19 microM and 0.35 microM, respectively.  Cl-F-araA showed potent antitumor 
activity against four human colon tumor xenograft models (HT-29, WiDr, Co-3, COLO-320DM) in a 5-day daily 
administration schedule, which was shown to be the most effective of three administration regimens tested (single, 
twice-weekly, 5-day daily).  In particular, oral administration showed significantly superior activity, with a regressive or 
cytostatic growth curve, compared with intravenous administration.  In addition, Cl-F-araA was effective at only 
one-sixteenth of the maximum dose tested in a 10-day daily administration schedule.  Therapeutic efficiency seemed to 
increase in proportion to the frequency of administration.
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Antitumor activity of 2-chloro-9-(2-deoxy-2-fluoro-beta-D-arabinofuranosyl) adenine, a novel deoxyadenosine 
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U.S. National Library of Medicine on SciFinder (R))
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Bryo 1 followed by Flud (4.6%, 17 days, 1.35, 35 mg); Flud followed by Bryo (40.3%, 10 days, 0.80, 175 mg).  We 
conclude that: i) Bryo 1 sensitizes WSU-CLL cells to Flud and enhances apoptosis; ii) the sequential treatment with Bryo 1 
followed by Flud resulted in higher anti-tumor activity compared with either agent alone, in combination, or the reverse 
addition of these agents and iii) these results are comparable to those of Bryo 1 followed by 2-CdA suggesting common 
pathway(s) of interaction between Bryo 1 and purine analogues.

higher rates of growth inhibition than either the reverse addition of these two agents or each agent alone, but was not 
significantly different than the concurrent addition of Bryo 1 + Flud.  Using 7-amino-actinomycin D staining and flow 
cytometry, apoptosis was seen in 40.8% of cells treated with Bryo 1 (10 nM, 72 h) followed by Flud, compared with Flud 
(100 nM, 72 h) followed by Bryo 1 (18.1%).  To demonstrate that Bryo 1 enhancement of Flud efficacy was not restricted 
to in vitro culture, we used the WSU-CLL xenograft model in mice with severe combined immune deficiency (SCID).  
Bryo 1 + Flud at the maximum tolerated doses (75 microg/kg i.p. and 200 mg/kg i.v., respectively) were administered to 
mice in different combinations.  The survival in days, the tumor growth inhibition ratio (T/C), the tumor growth delay (T-C) 
in days, log10 kill, as well as mean tumor weight (mtw) of mice treated with Bryo 1 followed by Flud, were significantly 
better than control and other groups.  T/C%, T-C, log10 kill and mtw were as follows: Bryo 1 (36.8%, 10 days, 0.8, 375 
mg); Flud (100%, 0. 0 day, 0.0, 1130 mg); Bryo 1 + Flud (14.3%, 12 days, 0.95, 288 mg);
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The continuous human medulloblastoma cell line TE-671 was grown as s.c. and intracranial xenografts in athymic nude 
mice.  Tumor-bearing animals were treated with chemotherapeutic agents at the 10% lethal dose; s.c. xenografts were 
sensitive to melphalan, 1-(2-chloroethyl)-3-(2,6-dioxo-1-piperidyl)-1-nitrosourea, and 5-azacytidine.  No consistent 
response could be demonstrated to 9-beta-D-arabinofuranosyl-2-fluoroadenine 5'-monophosphate, and no response to 
methylglyoxal bis(guanyl hydrazone), N-trifluoroacetyl adriamycin-14-valerate, or to 1-beta-D-arabinofuranosylcytosine 
was observed.  Melphalan produced a significant (P = less than or equal to 0.007) increase in the median survival of mice 
bearing intracranial xenografts, whereas no response was seen to 1-(2-chloroethyl)-3-(2,6-dioxo-1-piperidyl)-1-nitrosourea 
or 5-azacytidine.  This model will allow analysis of the chemotherapeutic profile of human medulloblastoma, and provides 
a means to differentiate cellular sensitivity and resistance from drug access to the intracranial site.
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